I. INTRODUCTION
In the past there has been considerable effort to explore the structure of 16 15 O + p based on a thick target inverse kinematics method [14] .
Although these authors significantly improved values for these level widths of 16 F, it is still desirable to perform a new measurement of these level widths via an independent approach. In the present work, we measure the angular distributions of the 15 N( 16 N reaction rate has been published elsewhere [19] .
II. EXPERIMENTAL PROCEDURE
The measurement of the angular distributions was performed at the HI-13 tandem accelerator of the China Institute of Atomic Energy (CIAE) in Beijing. The experimental setup and procedures are similar to those reported previously [20] [21] [22] [23, 24] . After considering the balance precision and the error of the differential cross sections, an uncertainty of 5% was assigned for target thickness.
A movable Faraday cup covering an angular range of ± 6
• in laboratory frame was used to measure the beam current for normalization of the cross sections at θ lab > 6
• . The Faraday cup was removed when measuring the cross sections at θ lab ≤ 6 • . A silicon ∆E − E telescope located at θ lab = 25
• was employed for normalization of the cross sections at θ lab ≤ 6
• by measuring the elastic scattering of the incident ions on the targets. The reaction products were analyzed with a Q3D magnetic spectrograph and were recorded by a two-dimensional position-sensitive silicon detector (PSSD, 50 × 50 mm) placed at the focal plane of the spectrograph. The two-dimensional position information from the PSSD enabled the products emitted into the acceptable solid angle to be recorded completely.
The energy information from the PSSD was used to remove the impurities with the same magnetic rigidity. As an example, Figure 2 displays the focal-plane position spectra of the 6 Li events at θ lab
= 18
• from the elastic scattering on the enriched 15 N target and the natural 14 N target. One sees that the events from the elastic scattering on different isotopes in the targets can be clearly separated. The events from the elastic scattering on carbon and gold ran out of the PSSD due to larger energy differences. It should be mentioned that the elastic scattering events from 15 N and 14 N cannot be separated any more when measuring the cross sections at
• . This is because the energy difference of 6 Li from the elastic scattering on different isotopes decreases with θ lab . Therefore, the background from 14 N needs to be evaluated to obtain the cross sections at θ lab < 15
• . The angular distributions of the elastic scattering were obtained after background substraction and beam normalization, as shown in Fig. 3 . In Fig. 4 we display the focal-plane position spectrum of 6 Li at θ lab = 10
• from the 15 N( 
III. SPECTROSCOPIC FACTORS OF THE LOW-LYING STATES IN 16 F
The experimental angular distributions were analyzed with the finite-range DWBA code FRESCO [25] . The OMP parameters for the entrance and exit channels were extracted by fitting the present experimental angular distributions of the 7 Li + 15 N and 6 Li + 15 N elastic scattering (Fig. 3) . The starting values of the OMP parameters were obtained by fitting the systematic nucleus-nucleus potential based on a single-folding model [26] . The real potential was chosen as a squared Woods-Saxon form, which fits the real part of the folding model potential better than the usual Woods-Saxon form does [27] . For the imaginary potential the usual Woods-Saxon form was found to be appropriate. In addition, we investigated the effect of spin-orbit potential parameters although for heavy ions they are thought to have little or no influence on the cross sections [28] . Full complex remnant term interactions were included in the transfer reaction calculations. The core-core ( 6 Li + 15 N) potential parameters were determined using the present ones of 6 Li + 15 N at 34.5 MeV and the systematics in energy dependence of the potential parameters of Ref. [26] . For the wave function of bound states, the Woods-Saxon potential with the standard geometric parameters (r = 1.25 fm and a = 0.65 fm) was adopted, which have been extensively utilized to study the ground state neutron spectroscopic factors for 80 nuclei of Z = 3-24 [29] and 565 excited state neutron spectroscopic factors for Z = 8-28 nuclei [30] . The potential depths were adjusted to reproduce the neutron binding energies. All the parameters are listed in Table I .
The spectroscopic factors of 16 N can be derived by the comparison of the experimental angular distribution with the DWBA calculations using the relationship,
Here S 16 N l,j is the spectroscopic factor of 16 N. S Table II .
We also investigated the dependence of the ANCs on the geometric parameters of the Woods-Saxon potential for the single-particle bound state in 16 N. In the present calculation the radius was adjusted and the new well depth was readjusted to reproduce the binding energy. The result shows that for two levels corresponding to neutron transfers to the 1d 5/2 orbit the spectroscopic factors vary significantly, while the ANCs are nearly constant. This indicates that the ANCs for these two levels are model independent. Contrarily, the ANCs vary almost as significantly as the spectroscopic factors do for two levels corresponding to neutron transfers to the 2s 1/2 orbit, which indicates that the ANCs for these two levels are model dependent. This difference in response to transfers to the 1d 5/2 and 2s 1/2 states may stem from the different peripheralities of these two transitions.
IV. PROTON WIDTHS OF THE LOW-LYING RESONANT STATES IN 16 F
The width Γ p of a proton resonance can be calculated through
where Γ s.p. p denotes the single-particle width which can be calculated from the scattering phase shift in a Woods-Saxon potential. We assume that the spectroscopic factors for mirror pair are equal (S widths of the four 16 F states are model independent. The proton widths were derived to be 15.7 ± 2.0, 55.3 ± 7.2, 3.66 ± 0.35, and 11.2 ± 1.1 keV for these four states using the average values for different radius, as listed in Table III . The uncertainties of geometric parameters were determined by taking the half difference between the maximum and minimum widths in Fig. 6 . They were found to be less than 1.5% for all four levels in 16 F, thus the error of the present proton widths mainly results from the uncertainty of the spectroscopic factors.
In Table IV we compare different evaluations of the proton widths from the present work and the previous studies. The present width of the 16 F ground state is narrower than the lower limits from the compilation [13] and the 14 N( 3 He, n) data [1, 3] , and is narrower than the value from the 16 O( 3 He, t) data [11] . The new width of the first excited state is larger than the upper limits of Refs. [1, 13] , while is narrower than those of Refs. [3, 11, 12] . The present width of the second excited state is narrower than the lower limits from the compilation [13] and the 14 N( 3 He, n) data [1, 3] . In addition, our results are in good agreement with those [37] . Therefore, additional measurements of this width via an independent method are certainly desirable.
V. DISCUSSION AND CONCLUSION
The angular distributions of the 15 N( 7 Li, 6 Li) 16 N reaction were measured by a highprecision Q3D magnetic spectrograph and were utilized to determine the neutron spectroscopic factors and the ANCs for the four low-lying 16 N states. We also investigated the dependence of our results on the geometric parameters of the Woods-Saxon potential for the single-particle bound state in 16 N. It was found that the ANCs for the two levels corresponding to neutron transfers to the 1d 5/2 orbit are more model independent than the ANCs for the two levels corresponding to neutron transfers to the 2s 1/2 orbit. This difference may come from the different peripheralities of these two transitions.
The proton widths of the four low-lying levels in 16 F were determined from the 16 N spectroscopic factors by charge symmetry of mirror nuclei. In addition, we studied the dependence of the proton widths on the geometric parameters of the Woods-Saxon potential.
The result demonstrates that the proton widths of these four states in 16 F are all model independent. The new widths are in good agreement with those from the most recent p( 15 O, p) data [14] for the ground state, the second and third excited states in 16 F. For the first excited state the present width is nearly half of that in Ref. [14] . To understand this discrepancy additional measurements of this width via an independent method are highly desirable.
